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Chemical degradation of perfluorosulfonic acid (PFSA) membranes of proton exchange membrane (PEM) fuel cells is a well-known process which can limit PEM fuel cell lifetimes. 1 Chemical degradation can weaken membranes to the point where they no longer provide an effective barrier to reactant gas permeation or electrical shorting. The chemical degradation of PFSA-based PEMs is initiated and propagated by the actions of a variety of oxidants formed during fuel cell operation including hydroxyl radical, hydroperoxyl radical and hydrogen peroxide. Of these oxidants, hydroxyl radical is the only oxidant capable of abstracting hydrogen atoms from carboxylic acid end groups that are the reactive functional groups of a degrading PFSA. Recently, the use of active, reversible hydroxyl radical scavengers such as Ce 3+ and Mn 2+ have increased the stability of PFSA membranes by as much as 1000-fold relative to unmitigated membranes. Despite the durability improvements offered by these hydroxyl radical scavengers, there is evidence that PFSA membranes are susceptible to chemical damage by low humidity hydrogen peroxide vapor.
In order to probe the sensitivity of PFSA membranes to highly damaging conditions, we have developed a highly versatile ex-situ H 2 O 2 vapor test that allows us to probe the mechanism of degradation as a function of RH.
2,3 Figure 1 shows the FRR values obtained from Nafion ® 112 and NRE212CS during a three stage H 2 O 2 vapor test. In the test, H 2 O 2 vapor (100 ppm) is transported to a bare membrane over three 20 hour segments with RH values of 100, 28 and 100%. The data summarized in Figure 1 reveal several interesting facts including (1) NRE212CS is 10 times more stable than N112 during the initial high RH test phase, (2) both membranes experience degradation acceleration (as measured by FER) of during the low RH excursion and (3) NRE212CS experiences a greater change in FER than does N112 upon return to the high RH conditions. reveals that the degradation rates are correlated with the carboxylic acid concentration. Importantly, Figure 2 shows that whereas untreated NRE212CS has no detectable carboxylic acid groups at 1693 cm -1 , the treated sample has a greatly increased carboxylic acid concentration. Using a combination of experimental techniques, literature and theoretical data including H 2 O 2 vapor data, FTIR spectroscopy and gas phase studies of trifluorosulfonic acid, we will provide critical thermochemical kinetic analyses of each of the proposed chain scission pathways to arrive at the most probable mechanism of low RH chemical degradation of PFSAs.
